Heparin enhances the specificity of antithrombin for thrombin and factor Xa independent of the reactive center loop sequence. Evidence for an exosite determinant of factor Xa specificity in heparin-activated antithrombin.
Heparin activates the primary serpin inhibitor of blood clotting proteinases, antithrombin, both by an allosteric conformational change mechanism that specifically enhances factor Xa inactivation and by a ternary complex bridging mechanism that promotes the inactivation of thrombin and other target proteinases. To determine whether the factor Xa specificity of allosterically activated antithrombin is encoded in the reactive center loop sequence, we attempted to switch this specificity by mutating the P6-P3' proteinase binding sequence excluding P1-P1' to a more optimal thrombin recognition sequence. Evaluation of 12 such antithrombin variants showed that the thrombin specificity of the serpin allosterically activated by a heparin pentasaccharide could be enhanced as much as 55-fold by changing P3, P2, and P2' residues to a consensus thrombin recognition sequence. However, at most 9-fold of the enhanced thrombin specificity was due to allosteric activation, the remainder being realized without activation. Moreover, thrombin specificity enhancements were attenuated to at most 5-fold with a bridging heparin activator. Surprisingly, none of the reactive center loop mutations greatly affected the factor Xa specificity of the unactivated serpin or the several hundred-fold enhancement in factor Xa specificity due to activation by pentasaccharide or bridging heparins. Together, these results suggest that the specificity of both native and heparin-activated antithrombin for thrombin and factor Xa is only weakly dependent on the P6-P3' residues flanking the primary P1-P1' recognition site in the serpin-reactive center loop and that heparin enhances serpin specificity for both enzymes through secondary interaction sites outside the P6-P3' region, which involve a bridging site on heparin in the case of thrombin and a previously unrecognized exosite on antithrombin in the case of factor Xa.